TARGET AUDIENCE: Neuroradiologists and neuroscientists interested in brain development. PURPOSE: High angular resolution diffusion imaging (HARDI) tractography has provided insight into major white matter pathways and cortical development in the human fetal cerebrum. Our objective in this study was to further apply HARDI tracography to the developing human cerebellum ranging from fetal to toddler stages, to outline in broad strokes the 3-dimensional development of white matter and local gray matter organization in the cerebellum. METHODS: We used human fetal cerebellum specimens of post-gestational week (W)18, W22, W31, W38, as well as adult cerebellum specimens (two samples for each time point), using a 4.7T Bruker Biospec system. We performed a 3D diffusion-weighted spin-echo echo-planar imaging (EPI) sequence (61 measurements), TR/TE 1000/40 ms, with b = 8,000, ∂/∆= 12.0/24.2 ms, spatial resolution 320 x 380 x 380 μm for W18-22, 425 x 425 x 500 μm for W31 and W38, and 600 x 730 x 760 μm for adult. The color-coding of fibers is based on a standard RGB code (Blue: dorsal-ventral, Red: right-left, Green: anterior-posterior).
Figure 7: Summary scheme of developing cerebellar white matter and cortex pathways (redrawn from Sidman and Rakic, 1973) . VZ: ventricular zone, IZ: intermediate zone, ML: molecular layer, EGL: external granular layer, WM: white matter, IGL: internal granule layer, De: dentate nucleus, P-cell: Purkinje cell. DISCUSSION and CONCLUSION: Our results show the usefulness of HARDI tractography to image developing cerebellar connectivity. We observed regression of radial organization in the cerebellar cortex and the emergence of regional specificity of cerebellar peduncles that were similar to our previous observations on the development of cerebral cortex. Our results demonstrated the potential for HARDI tractography to improve our understanding of neuronal circuitry and connectivity in both white and gray matter in the developing cerebellum.
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